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Description 

This invention relates to a matrix display device 
for displaying information which includes optical 
sensing means for enabling input of information as 
well, for example by way of a light pen. More particu- 
larly, the invention is concerned with an active matrix 
liquid crystal display device comprising a display pan- 
el having an array of picture elements each compris- 
ing a liquid crystal display element and an associated 
switching means, sets of row and column address 
conductors connected to the picture elements and 
drive means for applying drive signals to the sets of 
conductors for driving the picture elements, the dis- 
play panel further including an array of active ad- 
dressed sensing elements each comprising a photo- 
sensitive element and a switching device. 

Examples of display devices of the above kind 
are disclosed in US-A- 4,345,248 which also de- 
scribes typical uses, for instance as an output/input 
interface for a computer system through which data 
can be entered by writing with a light pen. 

In these known examples, the display device 
consists of an active matrix liquid crystal display pan- 
el of generally conventional form having a row and 
column array of display elements connected to sets 
of row and column address conductors through re- 
spective thin film transistors (TFTs). The display ele- 
ments are driven in normal fashion by applying a se- 
lection (gating) signal to each row conductor at a time 
in turn so as to turn on the TFTs of the picture ele- 
ments associated with that row whereby data signals 
present on the column conductors are transferred to 
electrodes of the respective display elements in the 
row to produce the required display effect. A sensing 
element, comprising a photodiode and a TFT, is pro- 
vided for each picture element. The picture element 
TFTs, display element electrodes, the sense element 
TFTs and photoelectric elements, and the row and 
column address conductors are all formed on a com- 
mon substrate of the display panel. The sense ele- 
ments are operated in a similar fashion to the picture 
elements with a gating signal being applied to the 
TFTs of each row of sense elements in turn so as to 
turn those TFTs on and connect the photoelectric ele- 
ments of the row of sense elements to a detection cir- 
cuit which is responsive to an increase in the conduc- 
tance of a photoelectric element caused by illumina- 
tion from the light pen. Consequently, for an input to 
be detected the illumination of a sense element must 
coincide with the gating of the TFT of the sense ele- 
ment concerned. The display device is operated such 
that the display and sense functions are performed in 
separate frame periods. A basic frame interval is div- 
ided into a display frame interval, during which all 
rows of the picture elements are addressed with dis- 
play information, followed by a light detection frame 
interval during which the conditions of the rows of 



sense elements are detected. Thus there will be 
some time delay between successive addressing of 
any one sense element. Because the presence of the 
light pen at a particular sense element can only be de- 

s tected if it is at that sense element when the sense 
element is addressed then consequently for fast pen 
movements only a few points of movement will be de- 
tected. Moreover, because the device is operated us- 
ing alternate, and temporally separate, display and 

10 detection frame intervals, the drive circuitry for the 
device becomes complicated and the quality of the 
display output is likely to be impaired. In one descri- 
bed embodiment, display and detection functions can 
be performed at the same time by using further sets 

15 of row and column conductors dedicated to the sense 
elements and separate from the row and column ad- 
dress conductors of the display elements so that the 
display and sense elements can be addressed inde- 
pendently of each other. However, the increase in the 

20 numbers of address conductors then required comp 
licates fabrication and can lead to problems with 
yields. 

A matrix liquid crystal display device with an in- 
tegrated light sensing element array in which the ar- 

25 rays of display and sensing elements are addressed 
respectively via separate sets of row and column con- 
ductors is also described in US-A-4,655,552. Each 
sensing element comprises a photodiode and an out- 
put diode connected back to back between a row con- 

30 ductor and a column conductor, and a storage capac- 
itor connected at its one side to the node between the 
two diodes and at its other side to the row conductor. 
The photodiode produces a leakage current which is 
generally proportional to the level of incident fight. 

35 The arrays of display elements and sensing elements 
are independently driven. The set of row conductors 
associated with the sensing elements is connected to 
a scanning drive circuit separate from the scanning 
drive circuit connected to the set of row conductors 

40 associated with the array of display elements while 
the set of column conductors associated with the ar- 
ray of sensing elements is connected to an output 
data processing circuit separate from the data drive 
circuit used for applying data signals to the display 

45 elements via their associated column conductors. A 
scanning signai is periodically applied to each of the 
row conductors of the set associated with the sensing 
elements while a fixed potential is applied to each of 
the column conductors of the set associated with the 

so sensing elements and the condition of the each sens- 
ing element is determined by sensing the current flow 
in the column conductor during scanning which is de- 
pendent on the potential existing at the node between 
the photodiode and output diode. 

55 In EP-A-490683 (not pre- published) there is de- 

scribed a matrix liquid crystal display device having 
cells comprising combined picture and sensing ele- 
ments in which the same sets of row and column ad- 
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dress conductors are used for both the picture ele- 
ment and sensing element arrays. Each sensing ele- 
ment comprises a photosensor circuit region having a 
TFT whose gate/channel capacitance is charged per- 
iodically by operation of a switch connected to a row 5 
conductor according to a voltage applied to the row 
conductor, and a photosensitive element which dis- 
charges that capacitance upon being illuminated. The 
TFT forms part of a current conducting circuit region 
of the sensing element connected between a preced- 10 
ing row conductor and a column conductor and illu- 
mination of the sensing element is detected by polling 
the sensing element to ascertain whether or not a 
conduction path exists through the current conduct- 
ing region which operation requires the associated 15 
picture element to be completely discharged before- 
hand. The current conducting circuit, which includes 
further TFTs, serves also to isolate the photosensor 
circuit region from the column conductors and in par- 
ticular the data signals carried on the column conduc- 20 
tors. The comparatively large number of components 
required for a sensing element restricts the effective 
optical aperture of each cell and can lead to problems 
with yield. 

It is an object of the present invention to provide 25 
an improved display device having an input facility. 

More particularly, it is an object of the present in- 
vention to provide a display device which can sense 
accurately and reliably input points from a moving in- 
put means, such as a light pen. 30 

It is another object of the present invention to pro- 
vide an improved display device having an input facili- 
ty which is of simple construction and which can be 
manufactured easily and with high yield. 

According to the present invention there is provid- 35 
ed an active matrix liquid crystal display device com- 
prising a display panel having an array of picture ele- 
ments each comprising a liquid crystal display ele- 
ment and an associated switching means, a set of row 
address conductors and a set of column address con- 40 
ductors connected to the picture elements, drive 
means for applying drive signals to the set of row ad- 
dress conductors and to the set of column address 
conductors for driving the picture elements, said drive 
means being arranged to apply data signals to the col- 45 
umn address conductors and a selection signal to 
each row address conductor in turn so as to operate 
the switching means of the picture elements associ- 
ated with the selected row address conductor thereby 
to apply the data signals to their respective display 50 
elements, the display panel further including an array 
of active addressed sensing elements each compris- 
ing a photosensitive element, a switching device, and 
a charge storage means which is connected to the 
switching device, the photosensitive element being 55 
connected so as to discharge the charge storage 
means in response to the illumination thereof, and de- 
tection means connected to the sensing elements for 



periodically detecting the state of charge of their re- 
spective charge storage means, characterised in that 
the switching devices of each row of sensing ele- 
ments are each connected to a row address conduc- 
tor and a column address conductor of said sets and 
are operable by said selection signal applied to an as- 
sociated row address conductor of said set of row ad- 
dress conductors to charge the charge storage 
means of the sensing elements according to the level 
of the data signals. 

With such a device, each sensing element has in 
effect a sense memory function by virtue of its 
charge storage means. The state of the sensing ele- 
ment is changed following the operation of its switch- 
ing device by the drive signals to charge its charge 
storage means, upon being illuminated and that 
change can thus be detected after the event. This de- 
tection is therefore not dependent on the simultane- 
ous illumination of the sensing element but can be 
carried out in a detection period to determine those 
sensing elements which have been subjected to illu- 
mination at some earlier time. Consequently, the 
possibility of illuminated sensing elements being un- 
detected due to fast movement of the light pen is 
avoided. 

By arranging that the drive signals applied to the 
row and column address conductor for display pur- 
poses are used also to drive the sensing elements via 
the same sets of row and column address conductors 
a significant simplification of the necessary circuit is 
obtained. Conveniently, the switching devices of 
each row of sensing elements are operable by a se- 
lection signal applied to an associated row address 
conductor so as to charge the charge storage means 
of the sensing elements according to the display data 
signals which are present on the associated column 
address conductors. 

The charge storage means of each sensing ele- 
ment preferably comprises a capacitor which is con- 
nected between the switching device and a reference 
potential, which may be a row address conductor ad- 
jacent to the row address conductor associated with 
the sensing element's switching device, or a source 
of predetermined potential comprising an auxiliary 
row conductor separate from said set of row address 
conductors and which is common to all sensing ele- 
ments in a row. 

The charge storage means may comprise a ca- 
pacitor formed separately to the photo-sensitive ele- 
ment or alternatively may be constituted by the self 
capacitance of the photo-sensitive element. 

Preferably, the detection means is arranged to 
determine the state of the sensing elements during a 
display field period. The detection means may be op- 
erable to determine the state of a row of sensing ele- 
ments associated with a row address conductor each 
time a drive signal is applied to that conductor. To this 
end, each row address period, determined by the dur- 
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ation of a row selection signal applied by the drive 
means to each row address conductor, may be divid- 
ed into a detection interval during which the state of 
a sensing element associated with that row address 
conductor is determined followed by a drive interval 
during which data signals for the associated row of 
picture elements are applied to the column address 
conductors. The sensing elements thus may be driv- 
en at a rate corresponding to the driving of the picture 
elements, that is, each sensing element is driven 
once per display field period of the picture elements. 
Similarly, the state of the sensing elements is detect- 
ed at the same rate, that is once every display field 
period. The interval between driving and detecting is 
approximately one field period. The display and 
sense functions of the device may therefore be per- 
formed concurrently with each picture element and 
each sensing element being addressed once in every 
successive field period. 

Preferably, the detection means is arranged to 
detect the charge state of the charge storage means 
of a sensing element by measuring the charging char- 
acteristic of the charge storage means in response to 
the application thereto of a predetermined potential. 
In this way, the detection of illuminated sensing ele- 
ments can be accomplished in a simple and conve- 
nient manner. 

A display device in accordance with the present 
invention will now be described, by way of example, 
with reference to the accompanying drawings, in 
which:- 

Figure 1 is a schematic diagram of the display de- 
vice; 

Figure 2 is a schematic circuit diagram of a part 
of a display panel of the display device showing 
typical picture and sensing elements of the pan- 
el; 

Figure 3 is similar to Figure 2 but illustrates an al- 
ternative form of sensing element; 
Figure 4 is a diagrammatic plan view of a picture 
element and a sensing element of a panel of the 
display device; 

Figure 5 illustrates the waveforms and relative 
timing of signals present in operation of the dis- 
play device; and 

Figure 6 shows a part of a detection circuit of the 
display device. 

It should be understood that the Figures are 
merely schematic and are not drawn to scale. In par- 
ticular certain dimensions may have been exaggerat- 
ed whilst other dimensions may have been reduced. 
It should also be understood that the same reference 
numerals are used through the Figure to indicate the 
same or similar parts. 

Referring to Figure 1 , the display device is an ac- 
tive matrix addressed liquid crystal display device 
comprising a display panel, 10, having a row and col- 
umn array of individually operable picture elements 



which consists of m rows (1 to m) with n horizontally 
arranged picture elements (1 to n) in each row. Each 
picture element, referenced at 12, is located at a re- 
spective intersection between crossing sets of m row 

5 address conductors 14 and n column address con- 
ductors 16. Only a few of the picture elements are 
shown in Figure 1, for clarity. In practice the total num- 
ber of picture elements in the matrix array (m x n) may 
be several hundreds of thousands. The display device 

10 is suitable to provide a datagraphic display or a pic- 
ture display. 

The display panel 10 further includes a matrix ar- 
ray of sensing elements 18, there being one sensing 
element located adjacent each picture element 12, 

15 except for the first column of picture elements, giving 
a high resolution sensing capability. 

The circuit of a typical combination of picture and 
sensing elements is shown in Figure 2. Each picture 
element 12 comprises a switching device in the form 

20 of a thin film field effect transistor, TFT, 20 connected 
with a liquid crystal display element 21, the impe- 
dance of the display element being represented by a 
capacitor. The gates of all TFTs 20 of the picture ele- 
ments in one row are connected to a respective one 

25 of the row address conductors 14. The sources of all 
TFTs 20 of picture elements in one column are con- 
nected to a respective one of the column address con- 
ductors 16. The drain terminals of the TFTs 20 are 
connected to a first electrode 22 of their associated 

30 display elements 21 . As in standard practice in matrix 
liquid crystal display devices using TFT switches, the 
sets of row and column address conductors 14 and 
1 6, the TFTs 20, and the display element first electro- 
des 22 are all carried on a transparent supporting 

35 plate of insulating material, for example glass. The 
display panel 10 comprises a second transparent 
supporting plate arranged parallel to, and spaced 
from, this supporting plate, which second plate car- 
ries a continuous transparent conductive layer consti- 

40 tuting an electrode, 23, common to all display ele- 
ments. Twisted nematic liquid crystal material is dis- 
posed between the two plates, the plates being 
sealed together around their periphery. Each liquid 
crystal display element thus consists of a first elec- 

45 trode, 22, connected to an associated TFT 20, an op- 
posing portion of the common electrode 23, and liquid 
crystal material therebetween. The opposing plates 
are provided internally with orientation layers and ex- 
ternally with polarising layers in the usual manner. 

so Each sensing element 18 comprises a switching 

device in the form of a TFT 24. In similar manner to 
the TFTs 20 of the picture elements, the gates of all 
TFTs 24 of sensing elements in the same row are con- 
nected to a respective one of the row address conduo 

55 tors 1 4 and the sources of all TFTs 24 of sensing ele- 
ments in the same column are connected to a respec- 
tive one of the column address conductors 16. The 
drain of the TFT 24 of a sensing element is connected 
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to one side of a charge storage device 25 in the form 
of a capacitor. The other side of the capacitor is con- 
nected to an adjacent row address conductor 14 as- 
sociated with the next row of picture/sensing ele- 
ments. In an alternative arrangement the capacitor of 
a sensing element may instead be connected to a 
dedicated auxiliary row conductor which extends in 
the row direction parallel to and between adjacent row 
address conductors 14 and which is common to the 
capacitors of all sensing elements in a row. With this 
arrangement it is possible to control more easily the 
potential applied to this side of the capacitor, although 
it requires the provision of a set of such row conduc- 
tors, corresponding in number to the number of rows 
of sensing elements, in addition to the row address 
conductors. In a further alternative arrangement, the 
source of the TFT 24 may be connected to the same 
column address conductor 16 as the TFT 20 rather 
than an adjacent column conductor as shown. 

The sensing element 18 further includes a pho- 
tosensitive element 26 which is connected across the 
capacitor 25 between the drain of the TFT 24 and the 
next row address conductor 1 4 (or supplementary row 
conductor if used). In this embodiment the elements 
26 comprise photo-resistors. The photosensitive ele- 
ment can comprise other forms of photo conductive 
device which exhibit an increase in conductance in re- 
sponse to being illuminated, for example, a photo-di- 
ode, comprising a pin, nip, Schottky, or the like pho- 
todiode, as shown in the alternative form of sensing 
element illustrated in Figure 3. All such photosensi- 
tive elements can be fabricated using thin film proc- 
esses. Alternatively, each element 26 can comprise a 
TFT whose source is connected to the next row con- 
ductor or an auxiliary row conductor and whose gate 
is connected to its drain which in turn is connected to 
the node between the TFT 24 and capacitor 25. 

The components 24, 25 and 26 of all the sensing 
elements in the array, together with their interconnec- 
tions, are provided on the same supporting plate as 
the TFTs 20, the first electrodes 22 of the display ele- 
ments 21, and the sets of row and column address 
conductors. An example layout for a picture element 
and a sensing element is shown in Figure 4 in which 
the supporting plate is referenced at 30. 

The arrays of picture and sensing elements and 
the sets of row and column address conductors are 
fabricated on the supporting plate using technology 
commonly employed in the manufacture of active ma- 
trix liquid crystal display devices. This technology, 
which typically involves the deposition and definition 
of superimposed thin film layers, is well established 
and widely documented and it is not thought neces- 
sary therefore to describe here in detail such fabrica- 
tion techniques. Examples of suitable manufacturing 
processes are described in the aforementioned US- 
A-4,345,248, details of which are incorporated herein 
by reference. 



In this particular embodiment the TFTs 20 and 24 
comprise hydrogenated amorphous silicon TFTs, and 
the photo-resistors 26 comprise amorphous silicon 
material. The display element electrodes comprise 

5 ITO, and the row and column conductors and the 
plates of the capacitors 25 comprise metal, for exam- 
ple aluminium or chromium. Other materials can be 
used, as will be apparent to persons skilled in the art. 
Referring again to Figure 1 , the row address con- 

10 ductors 14 are connected at their one ends to a row 
drive circuit 34 comprising a digital shift register 
whose operation is controlled by timing signals pro- 
vided by a timing and control circuit 35 and which se- 
quentially addresses the row conductors 14 on a row 

15 at a time basis. The row drive circuit 34 applies a se- 
lection, gating, signal to each row address conductor 
14 in turn, and holds each conductor 14 at a reference 
potential level in the interval between successive se- 
lection signals. The column address conductors 16 

20 are connected at their one ends to a column drive cir- 
cuit 36, comprising a sample and hold circuit operated 
by a shift register to perform serial to parallel conver- 
sion, to which data in serial form is supplied from the 
timing and control circuit 35. A data signal for each 

25 picture element in a row is provided by the circuit 36 
to the column address conductors 16, with data sig- 
nals for the picture elements of each row in turn being 
supplied to the conductors 16 in synchronism with the 
selection signals applied to the row address conduc- 

30 tors 14. The circuits 34 and 35 and the manner in 
which the picture elements are driven follow conven- 
tional practice and, accordingly, will not be described 
herein in detail. The circuit 36 is similarly of conven- 
tional form apart from a modification which will be de- 

35 scribed subsequently. Briefly, the TFTs 20 of the pic- 
ture elements in a row are turned on by the applica- 
tion of a selection signal to their associated row ad- 
dress conductor whereupon the data signals present 
on the column address conductors 16 are transferred 

40 to the respective display elements 21 of that row. 
Light transmission through the display elements is 
modulated in accordance with the level of the applied 
data signal. Following a row address, and termination 
of the selection signal, the TFTs 20 are turned off 

45 thereby isolating the associated display elements 21 
from the conductors 16 so that the display elements 
remain substantially in the state into which they were 
driven until the next time they are addressed, i.e. in 
the subsequent field period. Each display element 

50 can produce a range of display effects, i.e. grey scale. 
In a variant, the data signals may be binary signals 
producing a two level display output, light and dark, 
from the display elements. In this case the column 
drive circuit can be of simplified form comprising a 

55 digital circuit, for example a shift register circuit with 
latched outputs. 

In order to prevent degradation of the liquid crys- 
tal material, the polarity of the drive voltage applied to 
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the display elements is periodically inverted, in accor- 
dance with known practice, for example after every 
field. 

Preferably, for reasons which will become appa- 
rent, part of the inverting column conductor data sig- 5 
nals is applied to the common electrode 23 of the dis- 
play elements so that the range of data signal voltag- 
es present on the column conductors 16 is minimised. 

The other ends of the column address conductors 
1 6 are connected to a detection circuit 40 which com- 10 
prises a set of sense amplifiers, one for each column 
conductor, whose function is to provide an output in- 
dicative of the state of the sensing elements 18, that 
is, according to whether or not they have been illumin- 
ated, for example by means of a light pen, referenced 1 5 
at41 in Figure 1. The charge state of capacitor 25, e.g. 
the level of the charge stored in a capacitor 25, is de- 
pendent on whether or not the associated photosen- 
sitive element 26 has been illuminated. The detection 
circuit periodically addresses the capacitors 25 to 20 
sense their charge state and provides an output in ac- 
cordance therewith indicating whether or not the ca- 
pacitors have been subjected to illumination in the in- 
terval between successive addressing. The light pen 
41, which consists of a light source which continuous- 25 
ly emits light in operation, can be moved over the dis- 
play panel whereby sensing elements located under 
the path of travel of the light pen are illuminated. The 
detection of those sensing elements which have been 
illuminated in this manner, representing the pattern of 30 
the light pen movement, enables data or information 
to be written into the device. The light pen emits a nar- 
row, intense beam of light of a wavelength to which 
the photosensitive elements 26 of the sensing ele- 
ments are responsive. If a high resolution input is re- 35 
quired, the size of the beam should be sufficiently 
narrow to illuminate only one sensing element of the 
array at any given time. The beam should be large 
enough such that one sensing element is always illu- 
minated. An ideal size would be a beam of diameter 40 
approximately equal to the diagonal of the pic- 
ture/sensing element area. 

In order to improve discrimination between sig- 
nals from written and unwritten sensing elements the 
photosensitive elements 26 can be formed so as to 45 
have a wavelength dependent photosensitivity which 
peaks in the region of the spectrum where the light 
pen output is concentrated. In this case, the light pen 
may comprise a narrow-band emitter, such as an 
LED. so 

Examples of the signal waveforms applied to row 
and column address conductors in operation are illu- 
strated in Figure 5, in which V R and Vc are respective- 
ly the row and column voltage waveforms. The row 
selection signal comprises a pulse of duration T r and 55 
magnitude V g . For the remainder of the field period 
T F , where T F can be approximately equal to m.Tr, the 
row conductor is held at a constant reference level V 0 . 



The data signal intended for a picture element is 
indicated at Vd, having a range of possible values ac- 
cording to the display effect desired, and is applied by 
the column driver circuit 36 to the column conductor 
16 for a part only, shown at T2 f of the duration of the 
selection signal. The column drive circuit is modified 
so as to present a high impedance to the column con- 
ductor in the intervals between successive data sig- 
nals being applied to the column conductor, and in- 
tended for respective picture elements in the column 
of picture elements associated with the column con- 
ductor, and during these intervals a constant prede- 
termined potential, indicated at Vx, is applied to the 
column conductor by the detection circuit 40. Thus 
during the first part, T1 , of the row selection period Tr 
for a row address conductor 14, the column drive cir- 
cuit is switched to a high impedance state and during 
the latter part T2, of the row selection period the data 
signal Vd is applied to the column conductor 16. As a 
result the display element 21 of the picture element 
12 associated with these row and column conductors 
is charged to a voltage, V LCl given by: 

V LC = Vd - Ve 
where Ve is the voltage of the electrode 23 common 
to all display elements. 

The selection signal pulse Vg applied to a row 
conductor 14 also turns on the TFTs 24 of the row of 
sensing elements 18 associated with that row con- 
ductor. As a result, during the period T2 the capacitors 
25 of the row of sensing elements are charged to a 
voltage according to the voltage present on their re- 
spective column conductor with each capacitor 25 be- 
ing charged to a level, Vs, given by:- 

Vs = Vd - Vo 
bearing in mind that the other side of the capacitor is 
connected to the succeeding row address conductor 
which at this time is held at the reference level Vo. 
Since the column voltage Vd can vary, in dependence 
on display requirements, the voltage Vs can also 
vary. If the mean data signal voltage (Vd) is Vm and 
the range of possible data signal voltages is 2Vn then 
Vs can be in the range (Vm + Vn - Vo) to (Vm - Vn - 
Vo). 

Following termination of the row selection signal 
(Vg) the TFTs 24, like the TFTs 20, connected to the 
row conductor 14 are turned off, thereby isolating the 
capacitors 25, until the row of sensing elements are 
next addressed in the subsequent field period. During 
the interval between successive addressing of the 
sensing elements in a row, corresponding to a field 
period, their capacitors 25 can be discharged to a 
greater or lesser extent by photoconduction through 
their associated photosensitive elements. 

At the start of the next row selection pulse signal 
applied to that row conductor 14, i.e. at the start of 
period T1 , when the column drivers are in the high im- 
pedance state, the TFTs 20 and 24 of the picture ele- 
ments and sensing elements of the row are again 
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turned on. The voltage of the column conductors 16 
at this time is set by the detection circuit 40 to Vx and 
the charging current required to charge the capacitors 
25 and the display elements 21 to the column voltage 
Vx flows via the detection circuit 40 where it is 
sensed. The sensitivity of the photosensitive ele- 
ments 26 of the elements 18 is chosen so that under 
normal, ambient, illumination the capacitors 25 are 
not discharged to any significant extent and accord- 
ingly very little charging current flows during this per- 
iod in the case where the photosensitive elements 
have been subjected only to ambient illumination in 
the preceding field period. There will normally be 
some charging current since a capacitor 25 may have 
been charged to any voltage in the possible range of 
data signal voltages Vd on the associated column 
conductor 16 during the latter part, T2 f of the previous 
row address period and the voltage across the capac- 
itor 25 is now reset to Vx-Vo. The maximum charge 
flowing into a capacitor 25 will be in the range C(Vx- 
Vm-Vn) + dQ to C(Vx-Vm+Vn) + dQ, where dQ is the 
charge needed to replace the leakage caused by am- 
bient illumination incident on the photosensitive ele- 
ment 26 and C is the capacitance. 

If during the preceding field period a sensing ele- 
ment 18 has been "written" with the light pen 41 then 
the comparatively high light intensity will have caused 
the photosensitive element 26 of the sensing element 
18 to conduct heavily, thus substantially discharging 
the capacitor 25 so that a charge C(Vx-Vo) will flow 
into its capacitor 25. 

The sense amplifiers of the detection circuit 40 
connected to respective column conductors 1 6, which 
may be current or charge sensing amplifiers, are re- 
sponsive to the charges supplied to the capacitors 25 
in the period T1 . After amplification in the sense am- 
plifiers the signals produced as a result of the re- 
charging of the capacitors 25 are passed to a respec- 
tive threshold circuit of the detection circuit 40 whose 
output switches state if the signal level exceeds a pre- 
determined value which is set to lie between that pro- 
duced by a "written" and an "unwritten" sensing ele- 
ment. 

By selecting Vx so as to lie slightly below Vm-Vn 
the polarity of the charging signals for written and un- 
written sensing elements will be opposite, which can 
make discrimination between them easier. 

The detection circuit will now be described with 
reference to Figure 6 although it should be appreciat- 
ed that other forms of detection circuit could be em- 
ployed for sensing the states of the sensing elements. 
Figure 6 illustrates schematically the circuit of one 
stage, 50, of the detection circuit 40 associated with 
a respective column conductor 16, the circuit 40 hav- 
ing identical stages for other column conductors. The 
stage consists of a sense amplifier 52, which in this 
case is a charge sensitive amplifier. During the period 
T3 (Figure 5) of a row selection period beginning after 



the start of the data signal Vd and terminating slightly 
before the start of the row selection pulse signal Vg 
for the succeeding row conductor 14, and after ter- 
mination of Vd, a feedback capacitor 53 of the ampli- 

5 f ier 52 is discharged, the amplifier output on line 54 
is reset to Vx and the input 55 to the amplifier, con- 
nected to the associated column conductor 16, is 
clamped to the same potential (Vx) by the closure of 
the electronic switch 56 connected across the capac- 

10 itor 53. At the end of the period T3 the switch 56 is 
opened and during the period T1 of this next row ad- 
dress period, in which a subsequent row address con- 
ductor is supplied with a selection signal Vg, the sig- 
nal from the column conductor representing the 

15 charge current for a capacitor 25 of the selected sens- 
ing element associated with the column conductor is 
integrated by the sense amplifier 52 and its associat- 
ed capacitor 53. Near the end of this period T1 the re- 
sulting, integrated, output signal on line 54 is transfer- 

20 red to capacitor 58 by closing the electronic switch 59 
for a short period. The switch 59 is then opened be- 
fore the beginning of period T2, isolating the capacitor 
58 from the source amplifier 52, and therefore from 
the effects of the data signal, Vd, which is then ap- 

25 plied to the column conductor. During this period, T2, 
the signals from the stages of the detection circuit 40 
associated with every column conductor can be read 
out sequentially via respective buffers 61 , by closing 
the switches 60 for each stage in turn, so as to ach- 

30 ieve parallel to serial conversion, with the serial out- 
put of the detection circuit 40 being provided on the 
output line 62. The timing of the operation of the 
switches 56, 59 and 60 is controlled by the circuit 35. 
The serial output on line 62 is fed to a discrimina- 

35 tor, for example a threshold level detector, whose bi- 
nary output has first and second levels, representing 
the two possible states of the sensing elements, e.g. 
written or unwritten. The outputof the detection circuit 
40 may be supplied to one input of a data processing 

40 circu it, with an associated memory device, which pro- 
vides signals to the column driver circuit for display 
purposes, in similar manner to that described in US- 
A-4345248. 

This operation of the detection circuit is repeated 
45 for each row of sense elements, in synchronism with 
the addressing of the rows of picture elements, so 
that the states of the array of sensing elements are 
determined over the course of the display field, the ar- 
ray being repeatedly addressed in this manner in sue- 
so cessive display fields. 

In another form of the detection circuit, each 
stage may include a respective threshold detector. 
Most conveniently, this can be achieved by including 
the thresholding function in the amplifier circuit 61. 
55 The switch 60 can then be a digital switch and the out- 
put provided on line 62 digital rather than analogue. 
Several parallel output lines 62 may be provided, 
each of which is connected with certain stages only, 
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for example every eighth stage, so that a parallel out- 
put is obtained. The serial data rate in each output line 
62 is then considerably reduced compared with that 
for a single output line. 

Various modifications to the device are possible. 
For example, as mentioned previously, the capacitors 
25 and photosensitive elements 26 of a row of sens- 
ing elements 18 may be connected at their sides re- 
mote from the TFTs 24 to a respective supplementary 
row conductor to which a reference potential Vo is 
continuously applied rather than to the next row ad- 
dress conductor 14. 

It is envisaged that the photosensitive element 26 
and capacitor 25 of each sensing element need not be 
provided as separately formed components as de- 
scribed previously but may instead be integrated in 
one component, for example as a photoconductive 
element having a self capacitance adequate to satisfy 
the operational requirements described above. 

By sensing the ambient light level using a sepa- 
rate photosensor situated on the panel outside the 
display area or using a signal derived from the aver- 
age of all sensing element outputs over the last field 
compensation may be achieved for the part of the out- 
put signal produced by the discharge of the capacitors 
25 caused by ambient illumination (i.e. dQ). 

If a high resolution input capability is not required, 
then the numbers of sensing elements in the array 
can be reduced, for example with a sensing element 
being provided for every two, three or four picture ele- 
ments. 



Claims 

1. An active matrix liquid crystal display device 
comprising a display panel (10) having an array 
of picture elements (12) each comprising a liquid 
crystal display element (21) and an associated 
switching means (20), a set of row address con- 
ductors (1 4) and a set of column address conduc- 
tors (1 6) connected to the picture elements, drive 
means (34,36) for applying drive signals to the set 
of row address conductors and to the set of col- 
umn address conductors for driving the picture 
elements, said drive means being arranged to ap- 
ply data signals to the column address conduc- 
tors (16) and a selection signal to each row ad- 
dress conductor (14) in turn so as to operate the 
switching means (20) of the picture elements as- 
sociated with the selected row address conductor 
thereby to apply the data signals to their respec- 
tive display elements, the display panel further 
including an array of active addressed sensing 
elements (18) each comprising a photosensitive 
element (26), a switching device (24), and a 
charge storage means (25) which is connected to 
the switching device, the photosensitive element 



being connected so as to discharge the charge 
storage means in response to the illumination 
thereof, and detection means (40) connected to 
the sensing elements for periodically detecting 

5 the state of charge of their respective charge stor- 

age means, characterised in that the switching 
devices (24) of each row of sensing elements (18) 
are each connected to a row address conductor 
(14) and a column address conductor (16) of said 

10 sets and are operable by said selection signal ap- 
plied to an associated row address conductor of 
said set of row address conductors to charge the 
charge storage means (25) of the sensing ele- 
ments (18) according to the level of the data sig- 

15 nals. 

2. An active matrix liquid crystal display device ac- 
cording to Claim 1, characterised in that the 
charge storage means (25) of each sensing ele- 

20 ment (18) comprises a capacitor connected be- 
tween the switching device (24) of the sensing 
element and a row address conductor (14) adja- 
cent the row address conductor connected to the 
switching device of the sensing element. 

25 

3. An active matrix liquid crystal display device ac- 
cording to Claim 1, characterised in that the 
charge storage means (25) of each sensing ele- 
ment (18) comprises a capacitor connected be- 

30 tween the switching device (24) of the sensing 
element and a source of predetermined potential 
comprising an auxiliary row conductor separate 
from the row address conductors of said set of 
row address conductors and which is common to 

35 all sensing elements in a row. 

4. A display device according to Claim 2 or Claim 3, 
characterised in that in each picture element (12) 
the display element (21 ) is connected to a respec- 

40 tive column address conductor (16) via the 
switching means (20) with a control electrode of 
the switching means being connected to a re- 
spective row address conductor (14), and in each 
sensing element (18) the switching device (24) is 

45 connected between a column address conductor 
(16) and the capacitor (25) with a control elec- 
trode of the switching device (24) being connect- 
ed to said respective row address conductor (14), 
and in that the photosensitive element (26) is con- 

50 nected in parallel with the capacitor between the 
switching device and said adjacent or said auxil- 
iary row address conductor. 

5. An active matrix liquid crystal display device ac- 
55 cording to any one of the preceding claims, char- 
acterised in that the picture elements are driven 
a row at a time in a display field period and in that 
the detection means determines the states of the 
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charge storage means of the array of sensing ele- 
ments during a display field period. 

6. An active matrix liquid crystal display device ac- 
cording to Claim 5, characterised in that the de- 5 
tection means is operable to determine the states 

of the charge storage means of a row of sensing 
elements associated with a row address conduc- 
tor each time a selection signal is applied by the 
drive means to that row address conductor. 1 o 

7. An active matrix liquid crystal display device ac- 
cording to Claim 5 or Claim 6, characterised in 
that it is arranged such that each row address 
period, defined by the duration of the selection 15 
signal applied by the drive means to a row ad- 
dress conductor, is divided into a detection inter- 
val during which the detection means is operable 

to detect the states of the charge storage means 
of the sensing elements associated with that row 20 
address conductor followed by a drive interval 
during which the drive means is operable to apply 
data signals to the associated row of picture ele- 
ments via the column address conductors. 

25 

8. An active matrix liquid crystal display device ac- 
cording to any one of Claims 5 to 7, characterised 
in that the detection means detects the state of 
charge of the charge storage means of a sensing 
element by measuring a charging characteristic 30 
of the charge storage means in response to the 
application thereto via the switching device of the 
sensing element of a predetermined potential ap- 
plied to its associated column address conductor 

by the drive means. 35 



Patentanspruche 

1. Aktive Matrix-Flussigkristallanzeigeanordnung 40 
mit einer Gruppe von Bildelementen (12), die je 
ein Flussigkristallanzeigeelement (21) und ein 
zugeordnetes Schaltmittel (20) enthalten, mit ei- 
ner Anzahl von Zeilenadre&leitern (14) und einer 
Anzahl von Spaltenadre&leitern (16) in Verbin- 45 
dung mit den Bildelementen, mit Steuermitteln 
(34, 36) zum Zufuhren von Steuersignalen an die 
Anzahl von ZeilenadreOleitern und an die Anzahl 
von SpaltenadreRleitern zum Steuern der Bild- 
elemente, wobei die Steuermittel derart angeord- 50 
net sind, Da& sie Datensignale an die Spalten- 
adre&leiter (16) und ein Wahlsignal an jeden Zei- 
lenadre&leiter (14) der Reihe nach legen, urn das 
Schaltmittel (20) der den gewahltenZeilenadreft- 
leiter zugeordneten Bildelemente zu betreiben, 55 
dabei die Datensignale an ihre jeweiligen Anzei- 
geelemente zu legen, wobei das Anzeigefeld au- 
Berdem eine Gruppe aktiver adressierter MeR- 



elemente (18) enthalt, die je ein photoempfindli- 
ches Element (26), eine Schalteinrichtung (24) 
und ein Ladungsspeichermittel (25) enthalten, 
das mit der Schaltungsanordnung verbunden ist, 
das photoempfindliche Element zum Entiaden 
des Ladungsspeichermittels in Beantwortung 
seiner Beleuchtung verbunden ist, und Detektor- 
mittel (40) mit den MeBelementen zum periodi- 
schen Detektieren des Ladungszustands ihrer 
betreffenden Ladungsspeichermittel ange- 
schlossen sind, dadurch gekennzeichnet , daR 
die Schaltungsanordnungen (24) jeder Zeile von 
MeRelementen (18) mit je einem ZeilenadreBlei- 
ter (14) und je einem SpaltenadreBleiter (16) der 
Anzahlen verbunden und durch das Wahlsignal 
an einen zugeordneten ZeilenadreBleiter der An- 
zahl von Zeilenadredleitern zum Aufladen des 
Ladungsspeichermittels (25) der Me&elemente 
(18) entsprechend dem Pegel der Datensignale 
betreibbarsind. 

2. Aktive Matrix-Flussigkristallanzeigeanordnung 
nach Anspruch 1 , dadurch gekennzeichnet , daft 
das Ladungsspeichermittel (25) jedes Me&ele- 
ments (18) einen Kondensator enthSIt, der zwi- 
schen der Schaltungsanordnung (24) des MeS- 
elements und einem Zeilenadre&leiter (14) ne- 
ben dem ZeilenadreBleiter verbunden ist, der mit 
der Schaltungsanordnung des MeRelements ver- 
bunden ist. 

3. Aktive Matrix-Flussigkristallanzeigeanordnung 
nach Anspruch 1, dadurch gekennzeichnet , daft 
das Ladungsspeichermittel (25) jedes Me&ele- 
ments (18) einen Kondensator enthalt, der zwi- 
schen der Schaltungsanordnung (24) des Me&- 
elements und einer Quelle eines vorgegebenen 
Potentials angeschlossen ist, die einen Hilfs- 
Zeilenleiter getrennt von den Zeilenadre&leitern 
der Anzahl von ZeilenadreRleitern enthait, und 
fur alle MeSelemente in einer Zeile gemeinsam 
ist. 

4. Anzeigeelement nach Anspruch 2 Oder 3, da- 
durch gekennzeichnet dad in jedem Bildelement 
(12) das Anzeigeelement (21) jeweils mit einem 
Spaltenadre&leiter (16) uber das Schaltmittel 
(20) verbunden ist, wobei eine Steuerelektrode 
des Schaltmittels jeweils mit einem ZeilenadreR- 
leiter (14) verbunden ist, und in jedem MeRele- 
ment (18) die Schaltungsanordnung (24) zwi- 
schen einem Spaltenadre&leiter (16) und dem 
Kondensator angeschlossen ist, wobei eine Steu- 
erelektrode der Schaltungsanordnung (24) je- 
weils mit dem ZeilenadreRleiter (14) verbunden 
ist, und da& das photoempfindliche Element (26) 
parallel zum Kondensator zwischen der Schal- 
tungsanordnung und dem benachbarten Oder 
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dem Hilfs-Zeilenadre&leiter angeschlossen ist 

5. Aktive Matrix-Flussigkristallanzeigeanordnung 
nach einem oder mehreren der vorangehenden 
Anspruche, dadurch gekennzeichnet , da& die s 
Bildelemente mit jeweils einer Zeile in einer An- 
zeigehalbbildperiode gesteuert werden, und daB 

das Detektormittel die ZustSnde des Ladungs- 
speichermittels der Gruppe von Me&elementen 
in einer Anzeigehalbbildperiode bestimmt. 10 

6. Aktive Matrix-Flussigkristallanzeigeanordnung 
nach Anspruch 5, dadurch gekennzeichnet, da& 
das Detektormittel zum Bestimmen derZustande 

des Ladungsspeichermittels einer Zeile von 15 
MeRelementen betreibbar ist, die mit einem Zei- 
lenadre&leiter verknupft ist, wenn jeweils ein 
W3hlsignal vom Steuermittel an diesen Zeilen- 
adreBleiter gelegt wird. 

20 

7. Aktive Matrix-Flussigkristallanzeigeanordnung 
nach Anspruch 5 oder 6, dadurch gekennzeich- 
net dad sie derart ausgelegt ist, daft jede Zeilen- 
adreSzeit in der Definition durch die Dauer des 
Wahlsignals vom Steuermittel an einen Zeilen- 25 
adreSleiter in ein Detektorintervall, in dem das 
Detektormittel zum Detektieren derZustande des 
Ladungsspeichermittels der MeUelemente be- 
treibbar ist, die diesem Zeilenadre&leiter zuge- 
ordnet ist, und in ein Steuerintervall verteilt ist, in 30 
dem das Steuermittel zum Anlegen von Datensi- 
gnalen an die zugeordnete Zeile von Bildelemen- 

ten uber die SpaltenadreRleiter betreibbar ist. 

8. Aktive Matrix-Flussigkristallanzeigeanordnung 35 
nach einem oder mehreren der Anspruche 5 bis 

7 , dadurch gekennzeichnet, dad das Detektor- 
mittel den Ladungszu stand des Ladungsspei- 
chermittels eines MeRelements durch das Mes- 
sen einer Ladungskennlinie des Ladungsspei- 40 
chermittels in Beantwortung der Zufuhr eines 
vorgegebenen Potentials an ihren zugeordneten 
SpaltenadreRleiter vom Steuermittel uber die 
Schaltungsanordnung des Me&elements detek- 
tiert. 45 



Revendications 

1. Dispositif d'affichage d cristaux liquides d matri- so 
ce active comprenant un panneau d'affichage 
(10) comportant un reseau d'elements damage 
(12), chacun d'eux comprenant un element d'af- 
fichage & cristaux liquides (21) et un moyen de 
commutation associe (20), un jeu de conducteurs 55 
d'adressage de rangees (14) et un jeu de conduc- 
teurs d'adressage de colonnes (16) connectes 
aux elements d'image, des moyens de comman- 



do (34, 36) pour appliquer des signaux de 
commando au jeu de conducteurs d'adressage 
de rangees et au jeu de conducteurs d'adressage 
de colonnes pour commander les elements 
d'image, lesdits moyens de commande etant 
agences pour appliquer des signaux de donnees 
aux conducteurs d'adressage de colonnes (1 6) et 
un signal de selection d chaque conducteur 
d'adressage de rangee (1 4) a. son tour de manie- 
re a. actionner les moyens de commutation (20) 
des elements d'image associes au conducteur 
d'adressage de rangee selectionne, en sorte 
d'appliquer les signaux de donnees & leurs ele- 
ments d'affichage respectifs, le panneau d'affi- 
chage comprenant, en outre, un reseau d'ele- 
ments de detection adresses actifs (18) qui 
comprennent chacun un element photosensible 
(26), un dispositif de commutation (24) et un 
moyen de stockage de charge (25) qui est 
connecte au dispositif de commutation, I'element 
photosensible etant connecte de maniere a. de- 
charger le moyen de stockage de charge en fac- 
tion & son illumination, et des moyens de detec- 
tion (40) connectes aux elements de detection 
pour d6tecter peYiodiquement I'etat de charge de 
leurs moyens de stockage de charge respectifs, 
caracterise en ce que les dispositifs de commu- 
tation (24) de chaque rangee d'elements de de- 
tection (18) sont connectes chacun a. un conduc- 
teur d'adressage de rangee (14) et d un conduc- 
teur d'adressage de colonne (16) desdits jeux et 
peuvent §tre actionnes par ledit signal de selec- 
tion applique & un d'adressage de rangee associe 
dud it jeu de conducteurs d'adressage de rangees 
pour charger les moyens de stockage de charge 
(25) des elements de detection (18) en fonction 
du niveau des signaux de donnees. 

2. Dispositif d'affichage k cristaux liquides d mat ri- 
ce active selon la revendication 1, caracteris6 en 
ce que le moyen de stockage de charge (25) de 
chaque 6lement de detection (18) comprend un 
condensateur connecte entre le dispositif de 
commutation (24) de I'element de detection et un 
conducteur d'adressage de rang6e (14) voisin du 
conducteur d'adressage de rangee connecte au 
dispositif de commutation de {'element de detec- 
tion. 

3. Dispositif d'affichage a. cristaux liquides & matri- 
ce active selon la revendication 1, caracterise en 
ce que le moyen de stockage de charge (25) de 
chaque 6lement de detection (18) comprend un 
condensateur connecte entre le dispositif de 
commutation (24) de I'element de detection et 
une source de potentiel predetermine compre- 
nant un conducteur de rangee auxiliaire separe 
des conducteurs d'adressage de rangees dudit 
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jeu de conducteurs d'adressage de rangees et 
qui est commun a tous les elements de detection 
d'une rangee. 

4. Dispositif d'aff ichage a cristaux liquides a matri- 
ce active selon ia revendication 2 ou 3, caracte- 
rise en ce que, dans chaque element d'image 
(12), I'element d'aff ichage (21 ) est connecte a un 
conducteur d'adressage de colonne respectif 
(16) via les moyens de commutation (20), une 
electrode de commande des moyens de commu- 
tation etant connectee a un conducteur d'adres- 
sage de rangee respectif (14), et, dans chaque 
element de detection (18), le dispositif de 
commutation (24) est connecte entre un conduc- 
teur d'adressage de colonne (16) et le condensa- 
tes (25), une electrode de commande du dispo- 
sitif de commutation (24) etant connectee audit 
conducteur d'adressage de rangee respectif 
(14), et en ce que I'el6ment photosensible (26) 
est connecte en parailele avec le condensateur 
entre le dispositif de commutation et ledit 
conducteur d'adressage de rangee voisin ou 
auxiliaire. 

5. Dispositif d'aff ichage a cristaux liquides a matri- 
ce active selon Tune quelconque des revendica- 
tion s precedentes, caracterise en ce que les ele- 
ments d'image sont commandes a raison d'une 
rang6e a la fois dans la p6riode de trame d'aff i- 
chage et en ce que le moyen de detection deter- 
mine les etats des moyens de stockage de char- 
ge du reseau d'elements de detection au cours 
d'une periode de trame d'aff ichage. 

6. Dispositif d'aff ichage a cristaux liquides a matri- 
ce active selon la revendication 5, caracterise en 
ce que le moyen de detection est a meme de de- 
terminer les etats du moyen de stockage de char- 
ge d'une rangee d'e!6ments de detection asso- 
cies a un conducteur d'adressage de rangee, 
chaque fois qu'un signal deselection est applique 
par le moyen de commande a ce conducteur 
d'adressage de rangee. 

7. Dispositif d'aff ichage a cristaux liquides a matri- 
ce active selon la revendication 5 ou 6, caracte- 
rise en ce qu'il est agence, de telle sorte que cha- 
que periode d'adressage de rangee, definie par 
la duree du signal de selection applique par les 
moyens de commande a un conducteur d'adres- 
sage de rangee, soit divisee en un intervalle de 
detection au cours duquei le moyen de detection 
est a meme de detector les etats du moyen de 
stockage de charge des elements de detection 
associes a ce conducteur d'adressage de ran- 
gee, suivi d'un intervalle de commande au cours 
duquei le moyen de commande est a meme d'ap- 



pliquer des signaux de donnees a la rangee as- 
sociee d'elements d'image via les conducteurs 
d'adressage de colonnes. 

5 8. Dispositif d'aff ichage a cristaux liquides a matri- 
ce active selon I'une quelconque des revendica- 
tions 5 a 7, caracterise en ce que le moyen de de- 
tection detecte I'etat de charge du moyen de 
stockage de charge d'un element de detection en 

10 mesurant une caracteristique de charge des 
moyens de stockage de charge en reponse a ('ap- 
plication a celui-ci, via le dispositif de commuta- 
tion de I'element de detection, d'un potentiel pre- 
determine appliqu6 a son conducteur d'adressa- 

15 ge de colonne associe par le moyen de comman- 
de. 
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